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Perfusion studies carried out in 50 enucleated normal
Rhesus eyes suggested that the trabecular meshwork
is responsible for 60-65% of the resistance to aqueous
outflow, that aqueous outflow pathways in the inner
1/3 to 1/2 of the sclera are responsible for about
25%, that pathways in the outer 1/2 to 2/3 of the
sclera account for 10-15%, and that more distal path
ways account for very little, if any resistance. An
initial opening into Schlemm's canal increased the
facility of outflow proportionally much more than did
subsequent extension of the incision. Mean facility
of aqueous outflow was found to be 0.52 + 0.02 .ul/min/
mmHg at body temperature and at a mean experimental
intraocular pressure of 8.0 mm Hg. A rough but definite
inverse variation of outflow facility with intraocular
pressure was observed over the range of experimental
intraocular pressures (5.5-12.0 mm Hg) .
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Glaucoma, in its protean forms, is a serious, still
incompletely understood ocular disease which is characterized
by an abnormally high intraocular pressure sufficient to
produce degenerative changes in the retina and optic nerve
head and to lead to progressive, frequently irreversible
visual loss. This spectrum of related conditions, of which
chronic simple (open-angle) glaucoma is the most common,
has an overall incidence of about 2% over the age of 40 and
is the second most common cause of blindness in the United
States. Aqueous humor dynamics, intraocular pressure, and
the resistance to aqueous outflow responsible for this
pressure have therefore attracted a great deal of medical
interest, imagination, and research, even beyond their
intrinsic significance as physiological phenomena. Though
much has been learned, however, rrtuch more is but dimly
perceived, and as in all areas of human inquiry, the way
toward increased understanding is of necessity the way of
persistent questioning. In this spirit, the present inves
tigation was therefore undertaken to study some of the
factors responsible for the resistance to the outflow of
aqueous humor in the normal enucleated Rhesus monkey eye.
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This information is important in itself and as regards the
oft made assumption that results obtained from experiments
on aqueous humor dynamics in monkey eyes can be applied with
great accuracy and relevance to the human eye.
General Anatomic and Physiologic Considerations
The aqueous humor is primarily formed by the ciliary
processes. Presumably by means of both ultrafiltration from
the capillaries and active secretion by the ciliary epithelium,
the intraocular fluid enters the posterior chamber. After
exchanging to an unknown degree with the surrounding tissues,
it passes into the anterior chamber through the pupillary
aperture by bulk flow. Thence, most of the aqueous exits
from the eye via the angle of the anterior chamber, through
the uveal and corneoscleral trabecular meshworks (the tissues
proximal to Schlemm's canal) into the circumferential canal
of Schlemm itself. Finally the fluid drains into the episcleral
venous network via a system of large and fine intrascleral
collector channels arising from the outer wall of the canal.
In addition to this "conventional" outflow pathway, a portion
of the aqueous, variably estimated to be about 20-25% of the
total outflow, exits from the anterior chamber via bulk flow
through "unconventional" pathways through the ciliary body,
suprachoroid, and then the sclera. Figures 1-10 illustrate
these anatomic routes. (See general references 1, 6, 37, 67,
and 69-72, as well as references 14-18, 22, 33, 42-53, 57, 60,
73, 77, 79, 81, 85-86, 90, 110, 113, 119, 128, 133, 134, 138,
140, 145, 174, 179-183, 187-189, 191-195, 199.)
3
If pressure-flow relationships in the eye follow Poiseuille's
law for tubular flow, then intraocular pressure, fluid flow,
and resistance to flow are related as follows:
P = F x R
eye eye eye
where P is the pressure (mm Hg) across the eye from anterior
chamber to episcleral veins, F is the net flow (}il/min)
through the eye via the conventional pathway previously
described, and R is the total resistance encountered by
eye
■*
this flow (mm Hg/nl/min) . In the living eye episcleral venous
back pressure must be taken into account, but in the enucleated
eye, where all vascular connections have necessarily been
cut, the pressure in the most distal portions of the outflow
route will be equal to atmospheric pressure (zero relative




Reve' wnere pac is the intraocular pressure as
measured in the anterior chamber. By convention, the "facility
of aqueous outflow" is defined as 1/R , and thus in vitro
eye
—
P = F /C
ac eye eye
and C = F /P ,
eye eye ac
where C is the outflow facility in jil/min/mm Hg. These
simple relationships are the basis for various experimental
perfusion techniques devised to study intraocular fluid
dynamics, and it is easy to see that if the rate of artificial
fluid flow through the eye and the intraocular pressure under
steady-state conditions are known, the facility of aqueous
outflow and the resistance to aqueous outflow can be calculated.
It should be pointed out that "unconventional" outflow appears
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to be essentially constant and pressure-insensitive in vivo,
thus constituting little if any of the facility measured by
the usual methods. I_n vitro, however, this outflow may be
more pressure-sensitive and may thus contribute an unknown
but possibly significant facility. (See general references
1, 6, 37, 67, and 69-72, as well as references 65, 66, 73,
88, 109, 123, 139, 171-3.)
The Problem of the Site of Principal Resistance to Aqueous
Outflow in Normal Eyes
On the basis of current evidence it is generally held
that the primary site of resistance to the outflow of aqueous
humor in the normal human eye is most probably located in or
near the trabecular meshwork. Ascher (13), who first observed
aqueous-filled vessels (the aqueous veins) emerging onto the
surface of the globe, noted that when they could be seen to
join a blood-filled vessel the contents of the two vessels
often did not mix immediately, but often ran in parallel streams
to form a so-called laminated vein. He pointed out that
when the flow in the laminated vessel was stopped by compression
close to the point of junction, either blood entered the vessel
previously filled with aqueous or, conversely, aqueous flowed
into the vein which previously contained blood. The former
is called the negative glass rod phenomenon, while the latter
is known as the positive glass rod phenomenon. Which of the
two occurs depends on the relative pressures in the venous
and aqueous humor systems. Goldman (93, see generally 91-98),
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assuming from several facts that episcleral venous pressure
was essentially similar to the pressure in Schlemm's canal,
estimated this pressure to be about 8 mm Hg by measuring the
pressure necessary to collapse an aqueous vein. Normal
intraocular pressure was stated to be approximately 16 mm Hg,
so there was apparently a drop of about 8 mm Hg across the
normal trabecular meshwork. Since the principal pressure drop
was across the meshwork, Goldman thus concluded that it was
the site of principal resistance to aqueous outflow. With
improvements in technique (97) , Goldman estimated that the
pressure in the laminated veins (episcleral venous pressure)
was 9.7 mm Hg, that the pressure in the canal of Schlemm
was about 1.5 mm Hg higher, and that normal outflow pressure
(i.e., the drop in pressure from anterior chamber to laminated
veins) was in the range of 5-7.5 mm Hg. By other methods a
value was also determined for approximate flow rate, 2.2
jil/min. Approximate normal resistance to outflow would
therefore be about 3.0 units (c about 0.35 ul/min/mm Hg) ,
and approximately 3/4 of this resistance would be localized
to the trabecular meshwork while only about 1/4. would
represent the resistance in the outflow vessels draining
Schlemm's canal.
Linner (13 6) performed independent experiments along
the same lines, estimating normal intraocular pressure to
be 15.72 mm Hg , laminar vein pressure to be 10.99 mm Hg ,
and pressure in Schlemm's canal (via pressure in exiting
aqueous veins) to be 11.86 mm Hg . The pressure drop between
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the anterior chamber and the canal of Schlemm was therefore
3.86 mm Hg, while the pressure drop from canal of Schlemm to
episcleral venous plexus was 0.87 mm Hg . Linner's experiments
were done with patients recumbent, whereas Goldman's were
done with patients sitting. Since episcleral venous pressure
was found to be 0.97 mm Hg higher when the patient is
recumbent there is, as Linner notes, good agreement between
his and Goldman's results. Again it was estimated that about
3/4 of the resistance to aqueous outflow in normal human eyes
is across the trabecular meshwork, with only 1/4 of that
resistance being localized more distally.
It should be noted in passing that these experiments by
Goldman and Linner are based on an assumption that there is
no significant intrascleral anastamosis between aqueous
channels and higher pressure blood channels, i. e., that
most of the collector channels from Schlemm's canal run
directly to the outside: Linner puts forward a statistical
argument that such is indeed the case, but anatomic evidence
at the time of his experiments was to the contrary, and the
data of these early experimenters were challenged on these
grounds (105). Recent, essentially definitive evidence,
however, has clearly favored the view that there is considerable
independence of intrascleral channels for blood and aqueous
outflow (89, 116-118) .
The reasoning of Goldman and Linner was confirmed by a
series of classic experiments by Grant (99-108). Using a
quantitative perfusion technique in vitro, he studied the factors
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responsible for the resistance to the .outflow of aqueous humor
in normal human eyes by measuring the facility of outflow
before and after various portions of the outflow channels had
been dissected away. Preliminary experiments showed that
the ocular tissues down to the inner third of the sclera just
above Schlemm's canal could be dissected away with little or
no change in facility, but when the trabecular meshwork was
incised or removed around the circumference of the eye the
resistance was reduced by approximately 75%. Grant's data,
therefore, indicated that the trabecular meshwork accounts
for about 3/4 of the total resistance, and that outflow
channels in the inner third of the sclera, presumably the
ostia of the collector channels (he thought) , accounts for
most of the rest. Previous experiments had suggested that
the resistance measured pre- and post-mortem were essentially
the same, and that anatomic determinants of outflow resistance
were thus of greater importance than whatever neurovascular
influences might exist in life (35, 84, 108).
To date, several variously successful surgical proceedures
for the treatment of chronic simple glaucoma have been based
on these observations, but none of the clinical studies of
the effects of such operations are sufficiently precise to
localize unequivocally the site of resistance to aqueous humor
outflow in human eyes (3, 30-32, 59, 68, 122, 124-26, 177-78,
185, 196, 197). Moreover, the site of maximal resistance to
aqueous outflow in glaucoma may not be the same as that in
non-pathologic eyes .
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Experiments in several other animals have yielded
conclusions similar to those obtained in man. Barany (19) ,
for example, found that in enucleated chicken eyes goniotomy
produced a decrease in the outflow resistance, and Armaly (6)
found that in anesthetized cats incising of the trabecular
meshwork over a quadrant or more increased the facility of
outflow by about 50-150%. Francois et a_l. (82) observed
that after the angle of enucleated rabbit eyes was scraped
over a circumference of about 90 (without histologic evidence
of cyclodialysis) the resistance dropped considerably.
Perilimbal incision externally, on the contrary, had no
influence on the facility of outflow. It should be noted,
however, that none of these animals have an aqueous drainage
apparatus quite like that of primates (34, 60, 162, 163, 190).
Experiments in monkey eyes, which are anatomically very
much like human eyes, have been less consistent. Perkins
(157), using small cannulae and a direct manometric technique,
measured simultaneously the pressures in the anterior chamber
and in Schlemm's canal in three living Rhesus monkeys. Over
a range of pressures in the anterior chamber, he found the
pressures in the canal to be only about 10% lower and concluded
that the site of maximal resistance to aqueous outflow must
lie distal to the trabecular wall of the canal. In addition,
he attempted opening a small portion of Schlemm's canal
ab externo in one living and in one enucleated monkey eye
and in one enucleated human eye. These operations led to
decreases in resistance of about 60-75% suggesting that only
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about 1/4 to 1/3 of the normal resistance, in both species,
was attributable to the inner wall of Schlemm's canal. Sears
(168), using a much more refined cannulation technique, also
employed direct manometry to measure pressures simultaneously
in the anterior chamber and in the canal of Schlemm in six
living Ethiopian green monkeys and in three freshly killed
Rhesus monkeys. He, too, found that in large measure the
pressure in the canal reflected the pressure in the anterior
chamber, and he calculated the resistance across the collector
channels and the outer wall of the canal to be about three times
the resistance across the inner wall of the canal. The
uncertainty in these experiments, as in the microdissection
experiments performed by Grant, is of course due to the great
difficulties in dissecting minute portions of delicate
tissue without causing other damage. Exposure and cannulation
of Schlemm's canal from the outside are very difficult
procedures and are likely to be complicated by injury to the
very fragile trabecular meshwork. This is particularly true
if, as some workers have suggested, it is the innermost part
of the trabecular meshwork (the so-called endothelial meshwork)
that is most important as regards resistance to aqueous
outflow (163, 189). Indeed, it might not be necessary actually
to perforate the trabecular meshwork to get a significant
lowering of the resistance it might offer. As Perkins states,
if the cannula in Schlemm's canal perforates the trabeculae,
this complication is immediately recognizable by the rapid
equilibration of the pressure recorded from the cannula with
10
that of the anterior chamber. Even in "successful" experiments,
however, there is not a great delay in equilibration, and it
is impossible to be sure that some stretching of the trabecular
meshwork during cannulation did not allow an easier outflow
from the anterior chamber to the canal than normally. Experiments
with miotics, for example, have suggested but not proved that
some such a trabecular stretching mechanism might be
responsible for some decrease in outflow resistance (20, 21,
27, 28, 50, 52, 78, 167, 170) .
On the other hand, one might postulate, as Sears has
suggested (168, see also 62, 63, 198), that in reality Schlemm's
canal is only a potential cleft, normally collapsed, in
which case an otherwise poorly resistant trabecular wall, by
virtue of its apposition to the scleral wall, would appear to
present significant resistance to aqueous outflow. Dilation
with a cannula might thus lead to a decrease in the proximal
"trabecular" resistance which is only apparent. Indeed, the
fact that Perkins (157) observed a marked increase in the
rate of flow of saline into the anterior chamber after
exteriorizing Schlemm's canal in both monkey and human eyes
can also be interpreted as supporting this hypothesis, and it
should be noted that Perkins' student, Abraham (2, see also 40) ,
made some preliminary confirmatory observations which were
however never published. Moreover, studies in human eyes
recently reported from the Soviet Union lend support to this
view, at least in glaucoma (150) . Other potential sources of
error, and arguments against each, are discussed in the original
papers .
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Dannheim and Barany (62, 63), studying 15 green monkeys
in vivo, measured the pressure in Schlemm's canal via a small
plastic bell fixed over a fistula in the scleral wall. They
found generally larger pressure differences between the canal
and the anterior chamber than Perkins or Sears, obtaining
a mean anterior chamber pressure of 16.6 mm Hg with mean
bell pressure of 13.2 mm Hg at or near steady state. The
mean difference between anterior chamber and bell was
estimated to be 3.44 + 1.56 mm Hg (s. e. m.) , p< 0.05. These
data are comparable to the data of Goldman and Linner in
human eyes, and suggest that a major component of the resistance
is indeed contributed by the trabecular meshwork.
Edwards et al. (74) performed 25-33% trabeculotomy in
one eye in each of four cynomolgus monkeys and, using an
in vivo perfusion technique, compared the facility of outflow
in operated and control fellow eyes after two weeks. Although
the authors concluded that their findings tended to support
the conclusions of Perkins and Sears, results varied con
siderably from experiment to experiment and were thus not
conclusive. That is, in three eyes facility in the operated
eye was greater than that in the control eye (by 10%, 20%,
and 86% respectively) , but in one eye facility in the operated
eye was less than that in the control eye (by 44%) , the mean
facility in both groups being exactly the same. Tissue reaction
to the surgical trauma could have obscured the original effects
of the operation, especially in the last case, and it is
interesting that the mean change in facility (after two weeks)
was an increase of 18%.
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More recently Dannheim and Barany (64) have reported
that trabeculotomy in about 1/4 of the total circumference
performed ab_ externo in 4 living Rhesus monkeys, though
generally not in cynomolgus monkeys (only 4 of 16) , significantly
lowered the resistance to aqueous outflow after 2 weeks.
The decreased resistance persisted in 3 of the 4 Rhesus cases
at 2 months but at 5 months the results were inconsistent.
The overall conclusion of this study was that the site of
maximal resistance to aqueous outflow most likely was located
in the trabecular meshwork, inconsistencies in the data being
attributable to the experimental technique.
In view of these conflicting reports, then, the present
study, utilizing Grant's experimental approach in human
eyes, was undertaken in the Rhesus monkey in order to study
further the problem of aqueous outflow resistance in non-human
primates. A species difference has of course been frequently
invoked to account for the discrepancies observed between
experiments in monkeys and humans. That monkeys, however,
phylogenetically so close to man, should be so very different,
especially when lower animals seem to be so similar, is
difficult to understand and casts a shadow of uncertainty even
on the present consensus regarding the interpretation of the
data from humans. Studies in monkeys closely comparable with
previous studies in humans should do much toward resolving a
problem of fundamental importance to the whole question of
normal and abnormal aqueous humor dynamics.
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MATERIALS AND METHODS
Experiments were done on 50 adult Rhesus monkey (Macaca
mulatta) eyes which were enucleated at sacrifice, stored in
a cool moist chamber, and used within two days post-mortem.
Many of the eyes were studied within 12 hours of sacrifice.
Determinations of outflow facility and resistance were made
using the constant pressure perfusion method of Grant (101,
102, 104-108). After enucleation, a five millimeter trephine
hole was made in the cornea. A radial iridotomy was next
made in the peripheral third of the lateral quadrant of the
iris to prevent artificial deepening of the anterior chamber
which could increase the C-value measured (34, 35, 151). The
eye was then connected, by means of a special stainless
steel fitting (Figure 11) , to a perfusion-recording system as
diagramed in Figure 12. A reservoir (R, ) of 0.9% physiologic
saline solution was connected to the eye via appropriately
sized polyethylene tubing. Interposed between this reservoir
and the eye was an ultrafine fritted glass disc filter which
acted as a pressure-dependent differential flowmeter. This
flowmeter has its own inherent resistance:
frit frit' frit'
where Rf . , is this resistance in mmHg/uI/min , Pf ..is the
14
is the pressure across the frit in mm Hg, and Ff ..is the
associated flow rate in ul/min. The facility of the flowmeter




where Cf ..is the facility of the flowmeter in ul/min/mm Hg .
The flowmeter was calibrated immediately after the conclusion
of each experiment by measuring the flow per unit time with
the reservoir at a pressure, P , and with the tubing distal
to the frit open to atmospheric pressure:
C^ . . = F, . ./P
- P . = F- . ,/P .
frit frit r afcm frit' r
The pressure in the anterior chamber was measured by an electric
strain gauge transducer and was continuously recorded on a
Sanborn recorder. The system was calibrated and standardized
before each perfusion, via saline-filled glass columns
filled from R„ , at pressures of 0, 10, 20, and 40 mm Hg . From
the discussion on page 3, it will be recalled that C =^ ^
eye
F /P . Thus, F = C x P Now when the resistances
eye ac eye eye ac
of the eye and the perfusion system are connected in series,
it is readily apparent that the pressure difference across the
flowmeter is equal to the reservoir pressure minus intraocular
pressure :
C- . . = F- . ./P
- P
frit frit' r ac
and F.p .,
=
C^ . . x (P
- P ).
frit frit r ac
Further, when the system is connected in series, at steady state
the flow across the frit (inflow into the eye) necessarily





or C x P = Cc . . (P
- P ) .
eye ac frit r ac
Rearranging, we obtain:
C = C, .. (P - P )/P .
eye frit r ac
'
ac
Cr; . . was determined as described above, P and P were
frit r ac
measured at steady state by means of the transducer-recorder
system, and C could therefore be easily calculated. The
resistance offered by the polyethylene tubi~rig was negligible
under the experimental conditions.
In the present experiments, perfusion was at room
temperature of approximately 24 C with P approximately 40.0
mm Hg. Steady state was achieved on an average of about one
hour, after which time intraocular pressure and C remainedr
eye
quite stable for at least another hour.
In order to assess the degree of resistance offered by
different portions of the aqueous outflow pathway, perfusion
was carried out and values for facility of aqueous outflow
and resistance to aqueous outflow were determined before and
after various portions of this pathway were removed by
microdissection under a Zeiss operating microscope (25X or 40X)
(A) To study the resistance offered by the outermost portions
Of the outflow channels, 10 eyes were initially perfused with
5-6 mm of perilimbal conjunctiva remaining, with 10-12 mm
of recti muscles attached, and with subconjunctival and
episcleral tissues present (baseline) . After steady state
was attained, the conjunctiva was cut away close to the limbus.
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the muscles cut at their scleral insertions, and the
subconjunctival and excess episcleral tissues removed in
360 leaving only a very thin layer of episclera containing
blood vessels. The eyes were then reperfused and changes in
facility and resistance determined.
(B) To assess the resistance offered by the portions of the
aqueous outflow pathway in the outer sclera, 10 eyes were
initially perfused as in A and then reperfused after the
outer 1/2 to 2/3 of the perilimbal sclera over Schlemm's
canal had been shaved away in all 360 of the circumference.
(C) To determine the resistance to aqueous outflow presented
by the trabecular meshwork, 28 eyes were perfused before and
after the trabecular meshwork was incised into Schlemm's
canal, i. e. after trabeculotomy was done, over 5% (4 eyes),
25% (8 eyes) , 50% (6 eyes) , and 100% (10 eyes) of the total
circumference. Two of the 5% trabeculotomies were done in
the superior quadrant and two in the lateral quadrant, whereas
four of the 25% trabeculotomies were done in the superior
quadrant and four in the medial quadrant. All six of the
50% trabeculotomies were over both superior and medial
quadrants. Trabeculotomy was accomplished under direct
microscopic vision through the corneal trephine opening using
a Sato corneal knife.
At the conclusion of each experiment, perfusion with
f luorescein-tinted fluid was carried out for an additional hour
or so under black light in order to study the patterns of
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aqueous outflow from the eye. Specimens were then fixed
in formaldehyde, embedded in paraffin, sectioned antero
posterior^ at regular intervals, stained with hematoxylin
and eosin, and examined microscopically. Where trabeculotomy
was done in only a part of the circumference, sections were
cut to include both operated and nonoperated angle on the
same slide.
Analysis of the data and plotting of the graphs by
standard statistical techniques were carried out using an




Control perfusions were carried out in 6 eyes to evaluate
the effects of cold storage overnight, artificial manipulation,
and removal and re-insertion of the corneal adapter. In one
eye the measured facility value increased by 0.02 ul/min/mmHg,
in two eyes it decreased by 0.01 ul/min/mmHg, and in three eyes
the facility did not change (Table 1) . One can thus conclude
that the results of the following experiments are due to the
dissections performed and not to artifacts of technique.
The results of the experiments of series (A) are presented
in Table 2. Clearly, the portions of the outflow channels in
the conjunctiva, subconjunctiva , episclera, and proximal extra
ocular muscles accounted for very little, if any, of the outflow
resistance under the experimental conditions.
In the experiments of series (B) the operative procedure
resulted in a moderately deep circumferential perilimbal scleral
defect in the depths of which could clearly be seen some of the
exiting aqueous channels in cut cross-section. Ensuring
uniformity and reproducibility of this operation was difficult,
but it was found that when one had dissected down very close to
the region of the canal the sclerally reflected light from the
operating microscope changed from a very light blue to a much
darker blue, presumably because the darker interior of the eye
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was showing through from underneath. This objective criterion,
along with a subjective sense of depth, was applied in each
case. Subsequent perfusion with f luorescein-tinted fluid showed
colored fluid to exit only from about 20 cut vessels in the
depths of the incision at about the level of Schlemm's canal,
and there was no evidence that Schlemm's canal had accidentally
been exteriorized (Figure 13). Histologic study of these eyes
revealed that the operation had removed only the outer 1/2 to
2/3 of the sclera over Schlemm's canal fairly uniformly as shown
in Figure 14. The results for facility and resistance determi
nations in these experiments, tabulated in Table 3, show that
approximately 10-15% of the outflow resistance can be localized
to the portions of the aqueous outflow channels which course
through the outer sclera removed.
For the trabeculotomies of series (C) a surgically satis
factory view of the angle structures was obtained without
abnormal depression of the iris (Figures 6 and 7), although the
approach to the angle in Rhesus monkey eyes was found to be
narrower than that in human eyes. Schwalbe's line and the
scleral spur were found to be poorly defined in this species,
but the trabecular meshwork was clearly visible as a pale tan,
ground-glass appearing band above the deeply pigmented ciliary
body band. The approximate location of Schlemm's canal was
usually indicated by a pale whitish line slightly posterior to
the midportion of the trabecular band. This line was thought
to represent either the scleral wall of Schlemm's canal or the
scleral spur as these might reflect the strong incident light.
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In only two eyes, however, was a pigment line such as is
frequently seen in human eyes observed.
The knife could thus be positioned very precisely and
incision into the trabecular wall of Schlemm's canal could
be made with relative ease. The blade was oriented almost
parallel to the angle, so that its tip could be passed along
behind the trabecular meshwork. While the knife's slightly
convex non-cutting edge rode smoothly along the external
wall of the canal, therefore, the trabecular meshwork was
incised as it rode up on the slightly concave cutting edge.
A few times, in preliminary experiments, the knife was accidentally
so oriented that its tip poked into the scleral wall of the
canal. This tissue offered a sensation of markedly greater
resistance to cutting than did the trabecular meshwork, and
the scrupulous avoidance of this sensation during the definitive
experiments was a precaution against damage to the scleral
wall during operation. Variations in the resistance to the
actual cutting of the meshwork, however, was noted in the eyes
of different animals.
In those portions of the circumference where trabeculotomy
was done, the glistening white scleral wall of Schlemm's canal,
bordered by trabecular fragments superiorly and inferiorly,
became clearly visible (Figures 15 and 16) . This was particularly
evident when the edges of the incision were spread slightly
apart during the operative procedure. Even in a completely
relaxed state, however, the lips of the incision generally did
not appear to close (unlike the case in human eyes) . Grossly,
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no cyclodialysis resulted from these operations. Loose debris
appearing during operation was removed by gentle irrigation
prior to re-insertion of the stainless steel fitting.
The results of these 28 consecutive experiments in 14
pairs of eyes are recorded in Table 4 . In every case
trabeculotomy was followed by a significant decrease in
resistance (increase in facility) , and the data suggest that
the relaxed trabecular meshwork as a whole accounts for about
60-65% of the total resistance to aqueous outflow. Though
the total range of resistance decreases is considerable, an
observation consistent with the variation in the resistance
sensed to the actual cutting of the meshwork, a great similarity
between the two eyes of any given animal was found, both in the
initial facility (+0.05 ul/min/mmHg) and in the percent decrease
in resistance following trabeculotomy (+7%) . When either
5% or 25% trabeculotomy was done in different quadrants, no
significant differences in the mean decrease in resistance
following the same percentage of trabeculotomy were observed.
Observations of fluorescein perfusion of trabeculotomized
eyes were rather variable, and clearcut patterns were difficult
to identify. Earliest and greatest outflow of colored fluid,
however, was not always observed to be through aqueous veins
draining the quadrants in which trabeculotomy had been done,
although such a pattern was encountered about half of the time.
Moreover, outflow was most often earliest and greatest in the
superior, inferior, and (to a somewhat lesser extent) medial
quadrants, irrespective of the site or extent of trabeculotomy -
Flow through aqueous veins in the lateral quadrant was
invariably slight (Figures 17-20) . From 30 to 45 minutes after
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the start of fluorescein perfusion, by which time aqueous
veins of all quadrants were draining fluorescein, examination
through several equatorial scleral windows revealed no
fluorescence in the suprachoroid to indicate the presence of
a cyclodialysis (Figure 21) . Also, no colored fluid was ever
seen to exit from any of the vortex veins.
Microscopic examination of sections of the angle (Figures
22-24) revealed that the trabecular meshwork had been success
fully opened or removed in those areas operated upon. No
histologic evidence of damage to the scleral wall of Schlemm's
canal was found, the endothelial lining appearing to be
intact, and no microscopic evidence of cyclodialysis was seen.
Sections through portions of the angle which had not been
operated upon showed the trabecular meshwork to be normal.
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DISCUSSION
The findings that very little resistance to aqueous
outflow is accounted for by the aqueous channels in the
conjunctiva, subconjunctiva, episclera and recti muscles,
and that only 10-15% of the outflow resistance can be localized
to the outer 1/2 to 2/3 of the perilimbal sclera, point out
that the site of maximal resistance to outflow in the normal
enucleated Rhesus eye must either reside in the deeper
intrascleral portions of the aqueous outflow vessels or be
located in the region of the trabecular meshwork. That the
trabecular meshwork is in fact primarily responsible for the
outflow resistance is suggested by the consistent results of
the trabeculotomy experiments, which showed that 60-65% of
the total resistance to outflow could be localized in or
near this structure. As regards the remaining 25% of the
resistance, this must reside within the inner 1/3 to 1/2 of
the sclera, either principally at the ostia of the collector
channels directly draining Schlemm's canal or distributed along
the many intrascleral vessels of the collecting system. Which
possibility is more nearly correct is impossible to state,
though the finding of a small but significant resistance in
the outer sclera supports the latter.
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Gross and microscopic observations supporting the actual
accomplishment of trabeculotomy without damage to the sclera
wall of Schlemm's canal and without cyclodialysis have been
presented. While it is probably impossible absolutely to
exclude microscopic trauma to the outer wall of the canal, as
serial sectioning was not done, it is just as difficult to
conceive how such minute damage, not evident in any of the
representative sections, could lead to the extensive increases
in facility observed. It would also seem that such damage
would be of variable nature and extent from eye to eye and
hence unlikely to produce the consistent results in paired
fellow eyes such as we have observed. As regards the possibility
of cyclodialysis, it should also be noted that in human eyes
cyclodialysis appears to be without significant effect on
aqueous outflow resistance (108).
As seen from Table 4 there is a distinctly nonlinear
relationship between the percent of trabeculotomy and the
percent of resistance removed, the mean percent decrease
following trabeculotomy in only a fraction of the circumference
being greater than that v/hich would be expected were the
relationship linear. Figure 25 graphically presents the data
for the individual eyes of Table 4. The straight line is
the best straight line passing through the origin that can,
according to the statistical method of regression analysis,
be fitted to the experimentally observed values. Clearly,
an asymptotic curve something like that subjectively sketched
in broken lines is a more accurate representation of the
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relationship between these two variables. It is thus
apparent that a relatively small initial opening into Schlemm's
canal increases the facility of outflow proportionally much
more than does subsequent extension of the incision, an
observation suggesting that circumferential flow in Schlemm's
canal can occur with relative ease, though other interpretations
cannot entirely be excluded. The surgical significance of
this observation, if valid, is considerable, for it would
appear that therapeutic trabeculotomy in glaucoma patients
need be done in only a portion of the circumference to achieve
near maximum effect.
The results of the fluorescein perfusions in the present
experiments lend some support to this conclusion, for if no
circumferential flow occurred then the fluorescein outflow
would have been consistently greatest in the trabeculotomized
quadrants where the resistance was least. On the contrary,
earlier and augmented flow of fluorescein most often came
from superior and inferior quadrants regardless of the site
or extent of trabeculotomy. This observation is consistent
with anatomical findings that in monkeys the collector channels
draining Schlemm's canal in the superior and inferior quadrants
are larger, are less intricately disposed, and exit more
directly to the episclera than those in the medial and
(especially) lateral quadrants (116-118, 120).
The results of these experiments, localizing the site
of maximal resistance to aqueous outflow to the trabecular
meshwork, are generally consistent with the previous studies
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in human eyes by Grant (101, 102, 105-108). One may speculate
that our slightly lower estimate of the total trabecular
resistance (60-65% vs_. 75-80%) , and our correspondingly higher
estimate of the distal resistance, might be due in part to the
differences in the anatomy of the intrascleral outflow vessels
in the two species . It has been noted that in the monkey eye
the vessels draining Schlemm's canal are more delicate and more
intricately disposed than in the human eye (116-118, 120). In
the monkey, therefore, one might expect to find somewhat more
of the total outflow resistance in these channels. However,
species differences in the trabecular meshwork or other factors
might also be important considerations in this regard (60, 162,
163, 174, 190) .
Grant, however, observed greater outflow of perfusion fluid
from the aqueous vessels draining the trabeculotomized quadrants
more consistently than did we (107) . This, plus the finding that
"experimental opening into Schlemm's canal in only a fraction of
the circumference does not increase facility of outflow as much
as opening into the canal in the whole circumference," led to
the interpretation that "perfusion fluid . . . does not readily
flow circumferentially in Schlemm's canal." Re-examination of
Grant's original published data, however, reveals that in these
experiments as in ours, trabeculotomy over a small portion of the
circumference resulted in a greater decrease in resistance than
would have been expected if the percent decrease in resistance
varied directly with the extent' of trabeculotomy. Figure 26
presents this data as in Figure 25, the straight line again being
the best straight line passing through the origin that can, by
regression analysis, be fitted to the experimentally observed values.
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Again the asymptotic curve sketched in broken lines more ac
curately reflects the relationship between the two variables, and
indeed the similarities between Figures 25 and 26 are considerable.
The conclusions of the present experiments appear not to
be in agreement with those previously arrived at by Perkins {157)
and by Sears (168) , whose work has been described in detail
above, as have the difficulties with their direct cannulation
techniques. It should be noted, in addition, that the large
decreases in resistance which accompanied even small degrees of
trabeculotomy in the present experiments suggest that injury
to the inner wall of Schlemm's canal during exposure and
cannulation, even if minute, might significantly reduce the
resistance to aqueous outflow. Perkins, it will be recalled,
found that ab_ externo exteriorizations of Schlemm's canal led
to large decreases in outflow resistance in both human and
monkey eyes, suggesting either that the trabecular meshwork itself
offers little resistance to aqueous outflow or that it was
damaged in the experiments in both species.
As regards the important possibility that Schlemm's canal
"
might normally be collapsed (see Introduction above), however,
the present data are not inconsistent with this hypothesis. It
is thus conceivable that trabeculotomy markedly decreased resistance
to aqueous outflow not by creating a defect in a highly resistant
structural barrier but rather simply by distrubing a functional
barrier produced by the apposition of a rather poorly resistant
meshwork with the scleral wall of Schlemm's canal and with the
ostia of its outflow channels. Experiments in which Schlemm's
canal will be exteriorized are therefore currently in progress,
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but as Dannheim, who has attempted this in living monkey
eyes (62, 63), states, such a procedure is difficult and its
interpretation is very complicated.
The mean value for baseline steady state facility of
outflow in the 50 Rhesus eyes of this series is 0.52 +0.02
ul/min/mmHg (mean + s.e.m.) at room temperature of 24 C
and at a mean experimental intraocular pressure at steady state
of 8.0 mm Hg. Adjusting for the change in viscosity of the
perfusion fluid with temperature, this becomes 0.73 ul/min/mmHg
at Rhesus body temperature of 38° C (104, 108, 175). This value
is similar to those obtained in vitro by Pandolfi (153, 155) for
Rhesus monkeys, by Pandolfi (155) and by Morris (146) for green
vervets, and by Hoffman (111) for cynomolgus monkeys (Table 5) .
The scatter of the values (s.d. = +0.15) is typical of that
observed in facility determinations in many species (12) .
An interesting finding was a rough but definite inverse
variation, over the range of intraocular pressures observed
(5.5-12.0 mm Hg) , between facility of aqueous outflow and
anterior chamber pressure at steady state. Although a
straight line can be fitted to this relationship (with a
regression coefficient
= 0.88), statistical treatment of the
data (curvilinear regression) indicates that a second degree




- (0 . 196 ) (Peye)
+ 1-59, where
C and P are facility of aqueous outflow and intraocular
eye eye
pressure at steady state, is plotted
in Figure 27 along with
the 50 experimental points. Such an inverse relationship
between facility and intraocular pressure has been suggested
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by numerous studies, both in_ vivo and in_ vitro, in various
species, but has been denied in others (4-8, 24, 47, 49, 53,
55, 56, 74, 111, 130, 131, 135, 147, 152, 156, 198). Impressions
of a real relationship between facility and intraocular pressure
based on studies in living eyes are especially difficult to
interpret, particularly in light of the dependence of aqueous
secretion on intraocular pressure ("pseudofacility" ) observed
by Bill and others (22, 49. 57, 58, 128, 129, 144). There
also may well be different mechanisms involved in different
pressure ranges (the pressure range of the present study is
in fact rather low) . The significance of such a finding in
the present study is therefore still somewhat unclear. Also
unclear is the etiology of such a relationship. It has been
suggested that at the higher pressures the trabecular meshwork
might be in closer apposition to the scleral wall of Schlemm's
canal and the aqueous collector channels, but the persistence of an
inverse relationship between facility and intraocular pressure
after 100% trabeculotomy (Figure 28) argues against this conclusion.
In any event, based on the relationship between facility
and intraocular pressure found in this study, the value for
Rhesus facility of outflow in vitro above can be adjusted to
a more normal mean intraocular pressure of 12.5 mm Hg , thus
becoming, at body temperature, 0.4 0 ul/min/mmHg. This value
is comparable to the value of 0.41 ul/min/mmHg previously
obtained by Sears using a different technique in living green
monkeys under intravenous thiopental sodium anesthesia
when
mean intraocular pressure was 12.3 mm Hg (168). Examination of
the. data, from this previous study also reveals an inverse
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relationship between facility of outflow and intraocular pressure
as in the present study. It should be pointed out,
however, that while this value for Rhesus facility of outflow
in vitro is similar to that determined in_ vivo by some previous
workers, it is somewhat higher than that determined by others
(Table 5) . The inverse relationship between facility and
intraocular pressure probably accounts for many of the
inconsistencies among the various determinations, but such
factors as depth and mode of anesthesia, experimental technique
(especially as regards true attainment of "steady state"), and
monkey species and age are probably also of great importance.
It is also possible that neurovascular and hemodynamic factors
are more important in the determination of aqueous outflow
resistance in vivo than heretofore realized (26) . Against this
are a number of studies suggesting that most of the resistance
to aqueous outflow, in such diverse species as man and rabbits,
is due to anatomic factors and thus persists in perfused
enucleated eyes (34, 35, 84, 101, 104). Hoffman's data
(111) , however, tend to favor a real difference between the
facilities of the living and the dead eye. Thus far, the
present technique has been applied in vivo in only a very
few eyes, and while facility values not much different from
those reported here have been obtained, there is still
insufficient data strongly to favor one possibility or the





Table 1_. Controls: Effects of cold storage overnight,
artificial manipulation, and removal and re-insertion oc tie
corneal adapter on the facility of and resistance to aqueous
outflow in enucleated Rhesus monkey eyes.
Eye No. FACILITY RESISTANCE p
(n = 6) (ul/min/mmHg) (mmHg min /ul)
Baseline Postop Baseline Postop %-Change
101469B 0..79 0,.79 1..27 1.,27 + 0
081769B 0. 66 0,,68 1,,52 1,,47 -3
063069A 0. . 7 2 0,,71 1..39 1..41 + 1
110969A 0.,36 0,.35 2,,78 2,,83 + 2
110969B 0.,34 0,.34 2,.94 2,,94 + 0
102869A 0,,52 0 .52 1..92 1,,92 + 0
Means 0,.57 0..57 1 .97 1,.97 + 0
S.D. + 0,.17 + 0 .18 + 0 .66 + 0 .68 + 1
S.E.M. + 0 .07 + 0 .08 + 0 .30 + 0 .30 + 1
♦Student's t-test performed on paired differences between
baseline and postoperative facility or resistance values.
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Table 2_. Effects of removing the conjunctiva, subcon junctiva,
episclexa, and recti muscles on the facility of and resistance
to aqueous outflow in enucleated Rhesus monkey eyes.
Eye No. FACILITY RESISTANCE
*
P
(n = 10) (ul/min/mmHg) (mmHg min /Ml)
Baseline Postop Baseline Postop %-Change
072869A 0.70 0.70 1.43 1.43 + 0
081069A 0.52 0.59 1.92 1.69 -12
081069B 0.67 0.71 1.49 1.41 - 4
081169A 0.54 0.49 1.85 2.04 + 10
081369B 0.71 0.65 1.41 1.54 + 9
081769A 0.73 0.76 1.37 1.32 - 4
081769B 0.72 0.66 1.39 1.52 + 9
081869A 0.35 0.40 2.86 2.50 -13
081869B 0.50 0.44 2.00 2.27 + 13
082469B 0.44 0.38 2.27 2.63 + 16
Means 0.59 0.58 1.80 1.84 + 2 >0.5
S.D. +0.14 +0.14 +0.49 +0.49 + 10
S . E . M . +0.04 +0.04 +0.15 +0.15 + 3
♦Student's t-test performed on paired differences between
baseline and postoperative facility or resistance values.
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Table 3_. Effects of removin
perilimbal sclera on the fac
outflow in enucleated Rhesus
Eye No. FACILITY









110369B 0 .28 0,.29
110469A 0 .50 0,.56
110469B 0 .39 0,.44
Means 0..54 0 .63
S.D. + 0 .19 + 0 .24
S.E.M. + 0 .06 + 0 .08
g the outer 1/2 to 2/3 of the









1,.28 1. 04 -19
2,,13 1,,82 -15
3,,33 3.,45 + 4
3,.57 3,,45 - 3
2,.00 1..79 -11
2,.56 2,.27 -11
2..10 1, . 89 -12
+ 0 .82 + 0,.90 + 9
+ 0 .26 + 0..29 + 3
♦Student's t-test performed on paired differences between
baseline and postoperative facility or resistance values.
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Table 4_. Effects of trabeculotomy in varying fractions of the
circumference on the facility of and resistance to aqueous
outflow in enucleated Rhesus monkey eyes.
Eye No . FACILITY RESISTANCE
*
P
(ul/min/mmHg ) (mmHg min /ul)
Baseline Postop Baseline Postop %-Change
(n = 4) 5% TRABECULOTOMY
082470A 0.31 0.63 3.23 1.59 -51
082470B 0.31 0.43 3.23 2.33 -28
083170A 0.33 0.51 3.03 1.96 -35
083170B 0.36 0.59 2.78 1.70 -39
Means 0.33 0.54 3.07 1.90 -38 C0.002
S.D. +0.02 +0.09 +0.21 +0.33 + 10
S.E.M. +0.01 +0.05 +0.11 +0.17 + 5
(n = 8) 25% TRABECULOTOMY
071770A 0.75 1.05 1.33 0.95 -29
071770B 0.73 1.08 1.37 0.93 -32
072770A 0.62 1.46 1.61 0.68 -58
072870B 0.46 0.54 2.17 1.85 -15
080370A 0.53 2.23 1.89 0.45 -76
080370B 0.52 1.93 1.92 0.52 -73
081070A 0.42 1.23 2.38 0.81 -66
081070B 0.38 0.84 2.63 1.19 -55
Means 0.55 1.25 1.96 0.92 -51 <0.01
S.D. +0.14 +0.49 +0.48 +0.45 + 23
S.E.M. +0.05 +0.17 +0.17 +0.16 + 8
(n = 6) 50% TRABECULOTOMY
072770B 0.62 1.39 1.61 0.72 -55
072870A 0.50 0.82 2.00 1.22 -39
081170A 0.54 0.84 1.85 1.19 -36





Means 0.5 3 1.0 3
S.D. +0.06 +0.29
S.E.M. +0.03 +0.12








081770B 0 .49 1..91
081670A 0 .75 2,,18




















2.11 0.81 -63 <0.001
+0.62 +0.36 +12
+0.19 +0.11 + 4
♦Student's t-test performed on paired differences between
baseline and postoperative facility or resistance values.
Table 5.
ESTIMATES OF FACILITY OF AQUEOUS OUTFLOW IN VARIOUS MONKEY SPECIES
IN VIVO:
Armaly (12)
Paterson & Paterson (156)
Paterson & Paterson (156)
Brubaker & Kupfer (57)
Brubaker (58)
Dannheim & Bar any (64)
IN VITRO:
RHESUS (Macaca mulatta)
Constant pressure servoperfusion (n
= 66)
Pressure decay curve analyses (n = 19)
Steady state infusion at constant rate
Constant pressure perfusion (n = 10)
Constant pressure perfusion (n = 24)
Constant pressure perfusion (n
= 13)
Pandolfi & Astrup (153) Constant pressure method (n
= 26)
Pandolfi (155) Constant pressure method (n
= 31)




















GREEN VERVET (Cercopithecus ethiops)
Constant volume (rate) infusion (n = 116)
Constant rate and constant pressure (n
= 135)
Anterior chamber perfusion technique
Constant pressure or constant rate (n
= 12)
Constant pressure method (n
= 54)









Armaly (12] Constant pressure servoperfusion (n
= 50)
Bill & Barany (49) Isotope perfusion technique (n = 25)
Edwards et al. (74) Constant pressure perfusion (n = 26)
Hoffman (111) Constant pressure perfusion (n = 41)
Perkins & Saiduzzafar (158) Constant pressure perfusion (n = 26)
Dannheim & Barany (64) Constant pressure perfusion (n = 15)













0, , 39-0.44 13.2-14
0,,51 8.3
0,.51 8.0 ?
0, . 4 2"/0.35" 16.8/-3









Figure 1_. Photomicrograph of a meridional section of the
eye of a Rhesus monkey.
-.0
Figure 2. Histologic section from normal Rhesus monkey eye
showing-angle of anterior chamber and surrounding structures.
Schlemm's canal (SC) and the changing character of epithelium
at (E) approximately delimit the corneoscleral junction or
limbus. The trabecular meshwork (TM) is interposed between
the anterior chamber (AC) and Schlemm's canal. The supra-
choroidal space (Sp) between ciliary muscle (CM) and sclera
(S) is distorted in this specimen (compare Figure 3) .
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Figure 3_. Histologic section similar to Figure 2. Note
attachment of ciliary muscle (CM) to scleral spur (SS) forming
anterior limit of suprachoroidal space. Pigment can be seen
not only on underside of iris (I) and on processes of ciliary
body (CB) but also on anterior surface of iris. A few
aqueous outflow channels (AOV) can be seen in the region of
Schlemm's canal. The aqueous humor, formed by the ciliary
processes, passes from the posterior chamber (PC) , between the
iris and lens (L) through the pupillary aperture, into the
anterior chamber, across the trabecular meshwork into Schlemm's
canal, and finally out through the aqueous outflow vessels
in the sclera.
Figure 4_. High power microscopic view of Schlemm's canal
(SC) , trabecular meshwork (TM) , and large aqueous collector
channel draining Schlemm's canal (CC) . Electron microscopic
studies suggest that it is the portion of the trabecular
meshwork nearest to Schlemm's canal which presents the smallest
"pores" for passage of materials from the anterior chamber.
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Figure 5_. Magnified gross view of anterior chamber in intact
enucleated monkey eye. Note that bulbar conjunctiva, which is
pigmented near its limbal attachment, has been clipped away
5-6 mm from the limbus. Anterior chamber is formed
anteriorly by domelike clear cornea and posteriorly by iris
and lens in pupillary aperture. Around the circumference,
in angle formed by cornea and iris, trabecular meshwork (TM)
is visible as a light brown, ground-glass appearing band
overlying deeply pigmented ciliary body band (CB) .
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Figure 6. Higher power view of normal anterior chamber angle
of Rhesus monkey through a corneal trephine opening. Note
faintly visible white line just below middle of trabecular
band
thought to represent reflected light from scleral spur or
scleral wall of Schlemm's canal. Iridotomy opening is visible
through cornea at lower left (I) .
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Figure 7. View similar to Figure 6. Note trabecular band,
with location of Schlemm's canal approximately indicated by
whitish line, ciliary body band, and iridotomy.
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Figure 8. Magnified gross view of anterior chamber angle in
bisected Rhesus eye specimen. A fine polyethylene canula
containing colored silicone has been threaded into Schlemm's
canal in order to show its location relative to overlying
trabecular meshwork.
Figure 9. Rhesus globe injected with colored silicone to
show Schlemm's canal and some of its outflow channels. The
large vessels seen on the surface of the globe are known as
aqueous veins or anterior ciliary veins, and contain both
blood and aqueous humor in life. Note recession of pigmented
conjunctival attachment, creating a lateral transparent
window affording an especially fine visualization of Schlemm's
canal and outflow channels in this region.
Figure 10 . Magnified view of limbal area in injected Rhesus
eye taken horizontally to show pathway of aqueous outflow
from Schlemm's canal (SC) , through the plexus of aqueous
outflow channels, to the anterior ciliary or aqueous veins
(AV) . The cornea here appears light tan, whereas the sclera
(which has been made transparent with methyl salicylate)
appears clear, revealing the dark interior of the eye underneath.
The pigmented clipped conjunctival attachment is also seen.
Though not fully demonstrated by this photograph, Schlemm's
canal is drained by two types of vessels: (1) 20-30 large
caliber ones draining directly into the episcleral (aqueous)
veins after a short intrascleral course, and (2) numerous fine
vessels which form a complex network within the sclera before
joining the episcleral venous network.
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Figure 11. Enucleated Rhesus monkey eye with special stainless





Figure 12. Diagram of experimental apparatus (see description
in text) .
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Figure 13 . Gross view of Rhesus globe during perfusion with
f luorescein-tinted fluid under black light after outer 1/2
to 2/3 of sclera has been removed in all 360 of the circumference,
Seven discrete points of exit are visible representing some
of the cut aqueous collector channels draining Schlemm's canal.
Eventually about 20 such exit points were seen.
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Figure 14. Histologic section of Rhesus monkey eye
after
removal~of outer 1/2 to 2/3 of sclera overlying Schlemm's
canal .
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Figure 15. Magnified view of anterior chamber angle of Rhesus
monkey during trabeculotomy in 25% of the circumference
(medial quadrant) . Note glistening white furrow which has
been opened up over about half of the visible trabecular
band. Arrow marks end of incision at time of photograph. Knife
is Sato corneal knife. Note also iridotomy in lateral quadrant
of iris.
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Figure 16 . Magnified view of anterior chamber angle of Rhesus
monkey after trabeculotomy in 25% of the circumference
(superior quadrant) . Note the glistening white area within
the trabecular band representing the exposed scleral wall of
Schlemm's canal, wider on the left than on the right. This
furrow is bordered by tan trabecular tissue anteriorly and
posteriorly-
Figure 17 . Fluorescein perfusion (after 10 minutes) of
enucleated Rhesus eye after 25% trabeculotomy (indicated
by nicks in conjunctiva at arrows) in medial quadrant.
Note that the outflow of tinted fluid is not particularly
increased in the trabeculotomized quadrant.
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Figure 18 . Same eye as Figure 17 but after only 5 minutes
of fluorescein perfusion. Outflow of f luorescein-stained
fluid was first observed in the most medial portion of the
inferior quadrant (barely visible at I) , then in the more
medial portions of the superior quadrant (S) , and then in
the trabeculotomized medial quadrant itself (M) . Outflow was
observed from the lateral quadrant (L) only in very small
amounts and after about 15 minutes of fluorescein perfusion.
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Figure 19 . Fluorescein perfusion of enucleated Rhesus eye
after 25% trabeculotomy (indicated by nicks in conjunctiva at
arrows) in medial quadrant (M) . Note that greatest and
earliest outflow of f luorescein-tinted fluid is via aqueous
veins in nontrabeculotomized superior quadrant (S) . Note
also that the two aqueous veins draining the most superior
portion of the medial quadrant, joining the heavily fluorescing
aqueous veins draining the more medial part of the superior
quadrant, are fluorescing only slightly.
b8
Figure 20 . Fluorescein perfusion of enucleated Rhesus eye
after 25% trabeculotomy in medial quadrant (M) . Though
outflow was first observed from the trabeculotomized medial
quadrant, outflow from the nontrabeculotomized superior
quadrant (S) was seen almost immediately thereafter. Total
outflow, however, is clearly greatest from superior quadrant.
Note also that there is no outflow at all from the superior
half of the medial quadrant, only the lower portion of the
aqueous vein system draining this area fluorescing with
backflow from remaining system in this quadrant.
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Figure 21 . Fluorescein perfusion of enucleated Rhesus eye
after approximately 30-45 minutes. Two windows have been
made through the sclera into the suprachoroidal space. Note
that although fluorescein outlines virtually the entire
aqueous venous
outflow system and is pouring out of the
aqueous veins
where they are cut, no fluorescence is visible
in the exposed suprachoroidal space, indicating that little
if any cyclodialysis has accidentally been done.
Figure 22 . Histologic section of Rhesus monkey eye after
opening of trabecular meshwork overlying Schlemm's canal.
Note integrity of endothelium lining scleral wall of canal,
trabecular fragments anteriorly and posteriorly (T) , large
exiting aqueous collector channel in sclera (CC) , and intact
ciliary muscle/scleral spur junction (i.e., absence of a
cyclodialysis) .
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Figure 23. Histologic section of Rhesus monkey eye after
opening of trabecular meshwork overlying Schlemm's canal,
similar to Figure 22.
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Figure 24. Higher power view of Figure 23. Note intact
endothelium of Schlemm's canal and entirely free communication
between anterior chamber and Schlemm's canal.
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RELATIONSHIP OF PERCENT DECREASE IN RESISTANCE TO
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Figure 25 . Graph showing the relationship between percent
decrease in resistance to aqueous outflow and percent of
trabeculotomy performed in normal enucleated Rhesus monkey
eyes. Solid circles represent individual experiments,
whereas open circles represent means for 5%, 25%, 50%, and
100% trabeculotomy. Details are discussed in the text above
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RELATIONSHIP OF PERCENT DECREASE IN RESISTANCE TO
AQUEOUS OUTFLOW WITH PERCENT OF TRABECULOTOMY
(GRANT)
100
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PERCENT TRABECULOTOMY
80 90 100
Figure 26. Graph showing the relationship between percent
decrease in resistance to aqueous outflow and percent of
trabeculotomy performed in normal enucleated human eyes (W. M,
Grant, references 107 and 108) . Details are discussed in the
text above.
VARIATION OF AQUEOUS OUTFLOW FACILITY
WITH INTRAOCULAR PRESSURE (ROOM TEMPERATURE)
J I I L
5.0 6.0 7.0 8.0 9.0 10.0 1 1.0 12.0
INTRAOCULAR PRESSURE (mm Hg)
VARIATION OF AQUEOUS OUTFLOW FACILITY WITH INTRAOCULAR PRESSURE
BEFORE AND AFTER TRABECULOTOMY IN 100% OF THE CIRCUMFERENCE OF





20 3.0 4.0 5.0 6.0 7.0 8.0
INTRAOCULAR PRESSURE (mm Hg)
90 10.0





1. Adler, F. H. , Physiology^ of the Eye, 4th ed . (St. Louis,
Mosby, 1965) .
2. Abraham, R. K. , Personal communication.
3. Allen, L. , and H. M. Burian, Trabeculotomy ab externo :
technique and results of experimental surgery. Am. J.
Ophth. 53:19 (1962).
4. Armaly, M. F. , Studies on intraocular effects of the
oribital parasympathetic pathway: I. Technique and effects
on morphology, Arch. Ophth. 61_:14 (1959) .
5. Armaly, M. F., Studies on intraocular effects of the
orbital parasympathetics: II. Effect on intraocular
pressure. Arch. Ophth. 6_2:117 (1959).
6. Armaly, M. F., Studies on intraocular effects of the
orbital parasympathetic pathway: III. Effect on steady-
state dynamics, Arch. Ophth. 6_2:817 (1959).
7. Armaly, M. F., The effect of intraocular pressure on
outflow facility, Arch. Ophth . 6_4_:125 (1960).
8. Armaly, M. F., Schio'tz tonometer calibration and applanation
tonometry. Arch. Ophth. 6_4:426 (1960).
9. Armaly, M. , and N. Jepson, Accommodation and the dynamics
of the steady-state intraocular pressure, Invest. Ophth.
1:480 (1962).
10. Armaly, M. F. The effects of corticosteroids on intra
ocular pressure and fluid dynamics: 1. The effect of
dexamethasone in the normal eye, Arch. Ophth. 70_:482 (1963).
11. Armaly, M. F., The effects of corticosteroids on intra
ocular pressure and fluid dynamics: I L . The effect of
dexamethasone in the glaucomatous eye, Arch . Ophth. 70:492
(1963).
12. Armaly, M. F., Aqueous outflow facility in monkeys and
the effect of topical corticoids, Invest. Ophth. 3_:534 (1964)
13. Ascher, K. W. , The aqueous veins, Am. J. Ophth. 2 5 ; 3 1 ,
1174, 1309 (1942), and 27_:1074 (1944).
14. Ashton, N. , Anatomical study of Schlemm's canal and aqueous
veins by means of Neoprene cases (Part 1) , Brit. J. Ophth.
35:291 (1951).
69
15. Ashton, N. Anatomical study of Schlemm's canal and aqueous
veins by means of Neoprene casts (Part 2) , Brit. J. Ophth.
36:265 (1952y.
16. Ashton, N., Anatomy and pathology of the drainage channels,
in Sir Stewart Duke-Elder (ed.), Glaucoma: A Symposium
(Oxford, 1955) .
17. Ashton, N., M. Brini, and R. Smith, Anatomical studies
of the trabecular meshwork of the normal human eye, Brit.
J. Ophth. 40:275 (1956).
18. Ashton, N., The role of the trabecular structure in the
problem of simple glaucoma, in F. W. Newell (ed.), Glaucoma:
Transactions of the Fourth Conference— 19 59 (New York,
Josiah Macy, Jr. Foundation, 1960) , pp. 89ff .
19. Barany, E. H. , Physiologic and pharmacologic factors
influencing the resistance to aqueous outflow, in F . W.
Newell (ed.) , Glaucoma: Transactions of the First
Conference— 1955 (New York, Josiah Macy, Jr. Foundation,
1956) , esp. pp. 138-41.
20. Barany, E. H. , On the mechanism by which chamber depth
affects outflow resistance in excised eyes. Doc . Ophth.
15k 84 (1959).
'
21. Barany, E. H., The mode of action of pilocarpine on
outflow resistance in the eye of a primate (Cercopithecus
ethiops) , Invest. Ophth. 1:712 (1962).
~
22. Barany, E. H. , A mathematical formulation of intraocular
pressure as dependent on secretion, ultrafiltration,
bulk outflow, and osmotic reabsorption of fluid, Invest.
Ophth . 2:284 (1963).
23. Barany, E. H. , and J. W. Rohen, Glaucoma in monkeys
(Cercopithecus ethiops) , Arch. Ophth. 69_:630 (1963).
24. Barany, E. H. , Simultaneous measurement of changing
intraocular pressure and outflow facility in the vervet
monkey by constant pressure infusion, Invest. Ophth . 3_:
135 (1964) .
25. Barany, E. H. and H. B. Gassmann, The effect of death
on outflow resistance in normal and sympathectomized
rabbit eyes, Invest. Ophth. 4:206 (1965).
26. Barony, E. H., Relative importance of autonomic netvous
tone and structure as determinants of outflow resistance
in normal monkey eyes (Cercopithecus e zhiops and Macaca
irus) , in J. W. Rohen (ed.) , The Structure of the Eye'
(Stuttgart, Schattauer, 1965), 223.
27. Barany, E. H., The mode of action of miotics on outflow
resistance, Trans. Ophth. Soc . U. K. 8_6:539 (1966).
28. Barany, E. H. , The immediate effect on outflow resistance
of intravenous pilocarpine in the vervet monkey (Cercopithecu
ethiops) , Invest. Ophth. 6:373 (1967).
70
29. Barany, E. H. , Topical epinephrine effects on true
outflow resistance and pseudofacility in vervet monkeys
studied by a new anterior chamber perfusion technique,
Invest. Ophth. 7_:88 (1968).
30. Barkan, 0., A new operation for chronic glaucoma, Am. J.
Ophth. 19_:951 (1936) .
31. Barkan, 0. , Recent advances in the surgery of chronic
glaucoma, Am. J. Ophth. 20_:1237 (1937).
32. Barkan, 0., Cyclogoniotomy : a new operation for chronic
glaucoma, Am. J. Ophth . 4_2:63 (1956).
33. Batmanov, J. E., Anatomy of the drainage system, Vest.
Oftal. 4:27 (1968) .
34. Becker, B., and M. A. Constant, Species variations in
facility of aqueous outflow, Am. J. Ophth. 4_2:189 (1956).
35. Becker, B. , and M. A. Constant, The facility of aqueous
outflow, Arch. Ophth . 55_:305 (1956).
36. Becker, B. , The decline in aqueous secretion and outflow
facility with age, Am. J. Ophth . 46:731 (1958).
37. Becker, B., and R. N. Shaffer, Diagnosis and Therapy of
the Glaucomas (St. Louis, Mosby, 1965).
38. Berggren, L. , and F. Vrabec, Demonstration of a coating
substance in the trabecular meshwork, Am. J. Ophth.
4_4_:200 (1957).
"
39. Berggren, L. , Passage out of the eye of substances of low
and high molecular weights, Invest. Ophth. 2^:305 (1963).
40. Besky, cited by F . H. Adler, Physiology of the Eye, 4th
ed. (St. Louis, Mosby, 1965), p. 182.
41. Bettman, J. N. , W. K. McEwan, and E. H. McBain, Venous
pressure opposing aqueous outflow in patients with and
without chronic open-angle glaucoma, Invest. Ophth.
5_:624 (1966) .
42. Bill, A., Intraocular pressure and blood flow through
the uvea, Arch. Ophth. 67_:336 (1962).
43. Bill, A., The albumin exchange in the rabbit eye, Acta
Phys. Scand. 60_: 18 (1964).
44. Bill, A., The drainage of albumin from the uvea, Exp.
Eye Res . 3_:179 (1964).
45. Bill, A., The aqueous humor drainage mechanism in the
cynomolgus monkey (Macaca irus) with evidence for
unconventional routes, Invest. Ophth. 4_:911 (1965).
46. Bill, A., and K. Hellsing, Production and drainage of
aqueous humor in the cynomolgus monkey (Macaca irus) ,
Invest. Ophth. 4:920 (1965).
47. Bill, A., Conventional and uveo-scleral drainage of
aqueous humor in the cynomolgus monkey (Macaca irus) at
normal and high intraocular pressures, Exp. Eye Res .
5:45 (1966) .
71
48. Bill, A., Formation and drainage of aqueous humour in
cats, Exp. Eye Res. 5_:185 (1966).
49. Bill, A., and E. H. Barany, Gross facility, facility of
conventional routes, and pseudofacility of aqueous humor
outflow in the cynomolgus monkey, Arch. Ophth. 75:
665 (1966) .
50. Bill, A., and P. E. Walinder, The effects of pilocarpine
on the dynamics of aqueous humor in a primate (Macaca
irus) , Invest. Ophth. 5:170 (1966).
51. Bill, A., The routes for bulk drainage of aqueous humor
in the vervet monkey (Cercopithecus ethiops) , Exp. Eye
Res. 5:55 (1966).
~ " ""
52. Bill, A., The effects of atropine and pilocarpine on
aqueous humour dynamics in cynomolgus monkeys (Macaca
irus) , Exp. Eye Res . 6_:120 (1967).
53. Bill, A., Further studies on the influence of the intra
ocular pressure on aqueous humor dynamics in cynomolgus
monkeys, Invest. Ophth. 6_:364 (1967).
54. Boles-Carenini , B., and A. Cambiaggi, Are aqueous humor
dynamics influenced by aging?, Am. J. Ophth. 4_4_:395 (1957).
55. Boyd, T. A. S., Circadian rhythms of plasma corticoid
levels, intraocular pressure and aqueous outflow facility
in normal and glaucomatous eyes, Ann. N. Y. Acad. Sci .
117_:597 (1964).
56. Boyd, T. A. S., Relationship of the diurnal rhythms
of intraocular pressure with aqueous outflow facility
(abstract), Canad. Med. Assn. J. 9J3_:467 (1964).
57. Brubaker, R. F., and C. Kupfer, Determination of pseudo-
facility in the eye of the rhesus monkey, Arch. Ophth .
75_:693 (1966).
"
58. Brubaker, R. ?., The measurement of pseudofacility and
true facility by constant pressure perfusion in the normal
rhesus monkey eye, Invest. Ophth. 9_:42 (1970).
59. Cairns, J. E., Trabeculectomy: preliminary report of a
new method, Am. J. Ophth. 6_6:673 (1968).
60. Calkins, L. , The aqueous filtration angle: a phylogenetic
and ontogenetic histo-anatomic study of mammalian eyes,
Trans. Am. Ophth. Soc. 58:364 (1960).
61. Chandler, P. A., and W. M. Grant, Lectures on Glaucoma
(Philadelphia, Lea & Febiger, 1965).
62. Dannheim, R. , Intraocular pressure and aqueous outflow
after f istulization of Schlemm's canal in the vervet
monkey (Cercopithecus ethiops) , Invest. Ophth. 7_:30 0 (19 68) .
63. Dannheim, R. , and E. H. Barany, Attempts at reverse
perfusion of the trabecular meshwork in different monkey
species (Cercopithecus ethiops , Macaca mulatta, and Macaca
speciosa) , Invest. Ophth. 7_: 305 (1968) .
72
64. Dannheim, R. , and E. H. Barany, The effect of trabeculotomy
in normal eyes of rhesus and cynomolgus monkeys studied
by anterior chamber perfusion, Doc. Ophth. 26_:90 (1969).
65. Davanger, M. , The elucidation of ocular pressure by means
of calculations based on Poiseuille's law, Acta Ophth.
£2:753 (1964).
66. Davson, H. , Physiology of the Ocular and Cerebrospinal
Fluids (Boston, Little-Brown, 1956) .
67. Davson, H. (ed.), The Eye, Vol. I: Vegetative Physiology
and Biochemistry (New York, Academic Press, 1969).
68. DeVincentiis, A., Incisione del'angelo irideo nel
glaucome, Ann. Ottal. 22 (1893), cited in ref. 29 above.
69. Duke-Elder, Sir Stewart (ed.), System of Ophthalmology,
Vol. I: The Eye in Evolution (St. Louis, Mosby, 1960).
70. Duke-Elder, Sir Stewart (ed.), System of Ophthalmology,
Vol. II: The Anatomy of the Visual System (St. Louis,
Mosby, 1961) .
71. Duke-Elder, Sir Stewart (ed.), System of Ophthalmology,
Vol. IV: The Physiology of the Eye and of Vision (St.
Louis, Mosby, 1968) .
72. Duke-Elder, Sir Stewart (ed.), System of Ophthalmology,
Vol. XI: Diseases of the Lens & Vitreous; Glaucoma &
Hypotony (St. Louis, Mosby, 1969).
73. Duke-Elder, Sir Stewart, The physiology of the drainage
channels, in Sir Stewart Duke-Elder (ed.), Glaucoma:
A Symposium (Oxford, 19 55) .
"
74. Edwards, J., V. L. Hallman, and E. S. Perkins, Perfusion
studies on the monkey eye, Exp. Eye Res. 6_:316 (1967).
75. Eisenlohr, J. E., M. E. Langham, and A. E. Maumenee,
Manometric studies of the pressure-volume relationship
in living and enucleated eyes of individual human subjects,
Brit. J. Ophth. 46:536 (1962).
76. Fine. B. S., Observations on the draimige angle in man
and rhesus monkey, Invest. Ophth . 3_:609 (1964).
77. Flocks, M., The anatomy of the trabecular meshwork as seen
in tangential sections, Arch. Ophth. 5_5:708 (1956).
;
78. Flocks, M., and H. C. Zweng , Studies or the mode of
action of pilocarpine on aqueous outflow. Am. J. Ophth.
44_:380 (1957).
~ ~
79. Flocks, M. , The pathology of the trabecular meshwork in
primary open-angle glaucoma, Am. J. Ophth. 47_:519 (1959).
80. Fox, M. C, Continuous derivation of the pressure-flow
relationship and outflow resistance for living human eyes
from tonographic, manometric and pressure cup pressure-
decay curves, Exp. Eye Res. 6_:243 (1967).
73
81. Francois, J., A. Neetens , and J. M. Collette, Micro
radiography study of the inner wall of Schlemm's canal,
Am. J. Ophth. 40:491 (1955).
82. Francois, J., M. Rabaey, and A. Neetens, Perfusion studies
on the outflow of aqueous humor in human eyes, Arch.
Ophth. 55_:193 (1956).
83. Francois, J., M. Rabaey, A. Neetens, and L. Evans, Further
perfusion studies on the outflow of aqueous humor in
human eyes, Arch. Ophth. 5_9:683 (1958).
84. Francois, J., M. Rabaey, A. Neetens, and L. Evans, Etude
comparative des resultats de la tonographie in vivo
et de la perfusion in vitro, Doc. Ophth. 13_:56 (1959).
85. Francois, J., A. Neetens, G. Leroux, and J. M. Collette,
A propos de voies posterieurs d'ecoulement de l'humeur
aqueuse, Bull. Soc. Beige. Ophtal. 141:641 (1965).
86. Francois, J., A. Neetens, G. Leroux, and J. M. Collette,
Concerning the posterior routes for the drainage of
aqueous humour, Ophthalmologica 153 : 215 (1967).
87. Francois, J., M. Rabaey, and A. Neetens, Perfusion in
vitro of ten glaucomatous eyes, Arch. Ophth. 5_5:488 (1956).
88. Friedenwald, J. S., and B. Becker, Aqueous humor dynamics:
theoretical considerations, Am. J. Ophth. 2£:1105 (1956).
89. Gaasterland, D. E., V. L. Jocson, and M. L. Sears,
Channels of aqueous outflow and related blood vessels:
III. Episcleral arteriovenous anastamoses in the rhesus
monkey eye, Arch. Ophth . 8_4_:770 (1970).
90. Garron, L. K. , and M. L. Feeney, Electron microscopic
studies of the human eye: II. Study cf the trabeculae
by light and electron microscopy, Arch . Ophth.
(5_2:966 (1959).
~
91. Goldman, H. , Abfluss des Kammerwassers beim Menschen,
Ophthalmologica 111:146 (1946).
92. Goldman, H. , Weitere Mitteilung uber die Abfluss des
Kammerwassers beim Menschen, Ophthalmc logica 112 : 344 (1946).
93. Goldman, H. , An analysis of primary glaucoma, Trans .
Ophth. Soc. U. K. 6_9:455 (1949).
94. Goldman, H., Enthalten die Kammerwasse :venen Kammerwasser? ,
Ophthalmologica 117:240 (1949).
95. Goldman, H. , Der Druck im Schlemmschen Kanal bei Normalen
und bei Glaucoma Simplex, Experientia 6_:110 (1950).
96. Goldman, H., Uber Fluorescein in der menschlichen Vorder-
kammer: das Kammerwasser-Minutenvolumen des Menschen,
Ophthalmologica 119:65 (1950).
97. Goldman, H. , Abf lussdruck, Minutenvolumen und Widerstand der
Kammerwasser-Stromung des Menschen, Doc, Ophth. 5-6:27 8 (19 51
74
98. Goldman, H. , The rate of flow of the aqueous humour, in
Sir Stewart Duke-Elder (ed.), Glaucoma: A Symposium
(Oxford, 1955).
99. Grant, W. M. , Tonographic method for measuring the
facility and rate of aqueous outflow in human eyes,
Arch. Ophth. 4_4:204 (1950).
100. Grant, W. M. , Clinical measurements of aqueous outflow,
Arch. Ophth. 46:113 (1951).
101. Grant, W. M. , and R. R. Trotter, Factors responsible for
the resistance to outflow of intraocular fluid, Acta
XVII Cone. Ophth. (1954), 3:1536 (1955).
102. Grant, W. M. , Facility of flow through the trabecular
meshwork, Arch. Ophth. 5_4:245 (1955).
103. Grant, W. M. , and R. R. Trotter, Tonography, in Sir
Stewart Duke-Elder (ed.), Glaucoma : A Symposium (Oxford,
1955) .
104. Grant, W. M. , and R. R. Trotter, Tonographic measurements
in enucleated eyes, Arch. Ophth. 5_3:191 (1955).
105. Grant, W. M. , Comments in F . W. Newell (ed.), Glaucoma:
Transactions of the First Conference— 19 55 (New York,
Josiah Macy, Jr. Foundation, 1956), esp. pp. 143-59.
106. Grant, W. M. , Aqueous production and flow, physiological
and pathological, Proceedings of the Symposium on Glaucoma,
New Orleans Academy of Ophthalmology, 1958.
107. Grant, W. M., Further studies on facility of flow through
the trabecular meshwork, Arch. Ophth. 60_:523 (1958).
108. Grant, W. M. , Experimental aqueous perfusion in enucleated
human eyes, Arch. Ophth. 6_9:783 (1963).
109. Guerry, D., The use of the Sanborn electromanometer in
the study of pharmacological effects upon the intraocular
pressure, Trans. Am. Ophth . Soc. 4_9:525 (1951).
110. Hayreh, S. S., Posterior drainage of the intraocular
fluid from the vitreous, Exp. Eye Res . 5_:123 (1966).
111. Hoffman, F., Effect of noradrenalin on intraocular pressure
and outflow in cynomolgus monkeys, Exp. Eye Res. 7:369
(1968).
~-
112. Holmberg, A., Differences in ultrastructure of normal
human and rabl:bit ciliary epithelium, Arch . Ophth.
62^:952 (1959).
113. Holmberg, A., Schlemm's canal and the trabecular meshwork:
an electron microscopic study of the normal structure in
man and monkey (Cercopithecus ethiops) , Doc. Ophth .
19:339 (1965) .
114. Huggert, A., A. Holmberg, and A. Esklund, Further studies
concerning pore size in the filtration angle of the eye,
Acta Ophth. 33_:429 (1955).
75
115. Huggert, A., Pore size in the filtration angle of the
eye, Acta Ophth. 33_:271 (1955).
116. Jocson, V. L., and W. M. Grant, Interconnections of blood
vessels and aqueous vessels in human eyes. Arch. Ophth.
73_:707 (1965).
117. Jocson, V. L., and M. L. Sears, Channels of aqueous
outflow and related blood vessels: I. Macaca mulatta
(Rhesus), Arch. Ophth. 80_:104 (1968).
118. Jocson, V. L., and M. L. Sears, Channels of aqueous
outflow and related blood vessels: II. Cercopithecus
ethiops (Ethiopian green or green vervet) , Arch. Ophth.
81:244 (1969).
119. Jocson, V. L., and M. L. Sears, Experimental aqueous
perfusion in enucleated human eyes after obstruction
of Schlemm's canal, to be published.
120. Jocson, V. L., Personal communication.
121. Karg, S. J., L. K. Garron, M. L. Feeney, and W. K.
McEwan, Perfusion of human eyes with latex microspheres,
Arch. Ophth . 61_:68 (1969).
122. Khasanova, N. K. , G. A. Kiselev, and A. J. Kolotkova,
Results of sinusotomy and iridosclerotomy after Pokrovsky,
Vest. Oftal. 4_:32 (1968).
123. Kinsey, V. E., W. M. Grant, and D. G. Cogan, Water
movement and the eye, Arch. Ophth. 27_:242 (1942).
124. Krasnov, M. M. , Sinusotomiia pri glaukome, Vest. Oftal .
77:37 (1964).
125. Krasnov, M. M., Externalization of Schlemm's canal
(sinusotomy) in glaucoma, Brit. J. Ophth. 5_2_:157 (1968).
126. Krasnov, M. M. , Microsurgery of glaucoma: indications
and choice of technique, Am. J. Ophth. 6_7_:857 (1969).
127. Kronfeld, P. C, H. I. McGarry, and H. E. Smith, Gonioscopic
studies on the canal of Schlemm, Am. J. Ophth. 25_:1163 (1942)
128. Kupfer, C, and P. Sanderson, Determination of pseudo-.
facility in the eye of man, Arch. Ophth. 80_:194 (1968).
129. Langham, M. E., The effect of pressure on the rate of
formation of the aqueous humour, J. Physiol. 147 : 29 (1959).
130. Langham, M. E., Influence of the intraocular pressure on
the formation of the aqueous humour anc. the outflow
resistance in the living eye, Brit. J. Ophth . 43_:705 (1959).
131. Langham, M. E., Steady-state pressure flow relationships
in the living and dead eye of the cat, Am. J. Ophth.
50:280 (1960).
" ~ —
132. Langham, M. E., and J. E. Eisenlohr, A manometric study
of the rate of fall of the intraocular pressure in the
living and dead eyes of human subjects, Invest. Ophth.
2:72 (1963).
76
133. Larina, J. N., State of the intrascleral passages of
aqueous humor outflow in glaucoma, Vest. Oftal. 2:18 (1967).
134. Leeson, T. S., and J. S. Speakman, The fine structure of
extracellular material in the pectinate ligament (trabecular
meshwork) of the human iris. Acta Anat. 4_6:363 (1961).
135. Levene, R. , and B. Hyman, The effect of intraocular
pressure on the facility of outflow, Exp. Eye Res.
8.: 116 (1969).
136. Linner, E., The outflow pressure in normal and glaucomatous
eyes, Acta Ophth. 33_:101 (1955).
137. Linner, E., Further studies of the episcleral venous
plexus in glaucoma, Am. J. Ophth. 4_1:64 6 (1956).
138. MacRae, D., and M. L. Sears, Peroxidase passage through
the outflow channels of human and rhesus eyes, Exp. Eye
Res. 10:15 (1970) .
139. McEwan, W. K. , Application of Poiseuille's law to aqueous
outflow, Arch. Ophth. 60:290 (1958).
140. McMaster, P. R. B. , and F. J. Macri, Secondary aqueous
humor outflow pathways in the rabbit, cat and monkey,
Arch. Ophth. 79_:297 (1968).
141. Macri, F. J., Interdependence of venous and eye pressure,
Arch. Ophth. 65:442 (1961).
142. Macri, F. J., Vascular pressure relationships and the
intraocular pressure, Arch. Ophth. 6_5:571 (1961).
143. Macri, F. J., The intraocular and vascular pressures
of the cat eye, Exp. Eye Res. 3_:266 (1964).
144. Macri, F. J., The pressure dependence of aqueous humor
formation, Arch. Ophth . 78_:629 (1967).
145. Maggiore, L., Struttura, compartamento e significato
del canale di Schlemm nell'occhio umano, in condizioni
normale e pathologische , Annali Ottal. 4_0:317 (1917).
146. Morris, J. B., The experimental production of impaired
outflow facility in the vervet monkey: an in vitro study
(M. D. thesis), New Haven, Yale University Library, 1968.
147. Moses, R. A., and M. Bruno, The rate
of outflow of fluid
from the eye under increased pressure, Am. J. Ophth.
33_:389 (1950) .
148. Nesterov, A. P., Diaphragms of the eye and their roles in
pathogenesis of primary glaucoma,
Kazan Med. J. 6_:38 (1968).
149. Nesterov, A. P., Hydrodynamics of the Eye (Moscow, Medicina,
1968) .
150. Nesterov, A. P-, Role of
the blockade of Schlemm's canal
in pathogenesis of primary open-angle glaucoma, Am. J.
Ophth. 70_:691 (1970).
151. Nihard, P., Influence of the depth of the anterior chamber
77
on the resistance to flow of aqueous humour, Exp. Eye
Res. 1:229 (1962).
" ""^
152. Nihard, P., Influence de la pression oculaire sur la
resistance a l'ecoulement de l'humeur aqueuse, Acta
Ophth. 40:12 (1962).
~
153. Pandolfi, M. , and T. Astrup, Effect of plasmin on outflow
resistance in the primate eye, Proc. Soc. Exp. Biol. Med.
121L139 (1966).
154. Pandolfi, M. , and H. C. Kwaan, Fibrinolysis in the
anterior segment of the eye, Arch. Ophth. 77_:99 (1967).
155. Pandolfi, M. , Fibrinolysis and outflow resistance in the
eye, Am. J. Ophth . 6_4:1141 (1967).
156. Paterson, C. A., and M. E. Paterson, Pressure-volume
and pressure-flow relationships in the living monkey
eye, Exp. Eye Res. 4:196 (1965).
157. Perkins, E. S., Pressure in the canal of Schlemm, Brit.
J. Ophth. 3_9:215 (1955).
158. Perkins, E. S., and H. Saiduzzafar, The effect of plasmin
on the facility of outflow in cynomolgus monkeys, Exp.
Eye Res. 8_:836 (1969).
159. Peter, P. A., W. Lyda, and N. Krishna, Anterior chamber
perfusion studies: II. Controlled particle size in
relationship to pore size, Am. J. Ophth. 4_4:198 (1957).
160. Peterson, W. S., V. L. Jocson, and M. L. Sears, Resistance
to aqueous outflow in the rhesus monkey eye, to be
published.
161. Rohen, J., On the aqueous outflow resistance,
Ophthalmologica 139:1 (1960).
162. Rohen, J., The histologic structure of the chamber angle
in primates, Am. J. Ophth. 52:529 (1961).
163. Rohen, J., Experimental studies on the trabecular mesh
work in primates, Arch. Ophth. 6_9:335 (1963) .
164. Sears, M. L., Meiosis and intraocular pressure changes
during manometry, Arch. Ophth. 63_:707 (1960).
165. Sears, M. L., and E. H. Barany, Outflow resistance -and
adrenergic mechanisms, Arch. Ophth. 6_4r839' (1960).
166. Sears, M. L. , Outflow resistance of the: rabbit eye:
technique and effects of acetazolamide, Arch. Ophth.
64_:823 (1960).
167. Sears, M. L., and T. E. Sherk, The trabecular effect of
noradrenaline in the rabbit eye, Invest. Ophth. 3_:157 (1964).
168. Sears, M. L., Pressure in
the canal of Schlemm and its
relation to the site of resistance to outflow of
aqueous humor in the eyes of Ethiopian green monkeys,
Invest. Ophth. p_:610 (1966).
78
169. Sears, M. L. , K. Mizuno, C. Cintron, A. Alder, and T. E.
Sherk, Changes in outflow facility and content of nor
epinephrine in iris and ciliary processes of rabbits after
cervical ganglionectomy , Invest. Ophth. 5_:312 (1966).
170. Sears, M. L. , The mechanism of action of adrenergic drugs
in glaucoma, Invest. Ophth. 5_:115 (1966).
171. Seidel, E., Experimentalle Untersuchungen uber die Quelle
und den Verlauf der intraokularen Saf tstromung, v. Graefes
Arch. Ophth. 95:1 (1918).
~~
172. Seidel, E., Uber die Abfluss des Kammerwassers aus der
vorderen Augenkammer, v. Graefes Arch. Ophth. 104:
357 (1921) .
~
173. Seidel, E., Uber den manometrischen Nachweis physiologischen
Druckgefalles zwischen Vorderkammer und Schlemmscnen
Canale, v. Graefes Arch. Ophth. 107:101 (1924).
174. Shiose, Y. , and M. L. Sears, Unpublished observations.
175. Simpson, S., and J. J. Galbraith, Observations on the
normal temperature of the monkey and its diurnal variation,
and on the effect of change in the daily routine on this
variation, Trans. Roy. Soc. Edinburgh 45:65 (1908).
176. Smith, J. L. , R. S. Stempfel, H. S Campbell, A. B.
Hudnell, and D. W. Richman, Diurnal variation of plasma
17-hydroxycorticoids and intraocular pressure in
glaucoma, Am. J. Ophth. 54:411 (1962).
177. Smith, R. A., A new technique for opening the canal of
Schlemm, Brit. J. Ophth. 4_4:370 (1960).
178. Smith, R. A., Nylon filament trabeculotomy in glaucoma,
Trans. Ophth. Soc. U. K. 82^:439 (1962).
179. Speakman, J. S., Drainage channels in the trabecular wall
of Schlemm's canal, Brit. J. Ophth. 4_4j£513 (1960).
180. Speakman, J. S., Aqueous outflow channels in the trabecular
meshwork in man, Brit. J. Ophth. 43_:129 (1959).
181. Speakman, J. S., and T. Leeson, Site of obstruction to
aqueous outflow
in chronic simple glaucoma, Brit. J.
Ophth. 4J5_:321 (1962) .
182. Speakman, J. S., The development of drainage channels
in the trabecular meshwork, in J. W. Rohen (ed.), The
Structure of_ the Eye (Stuttgart, Schattauer, 1965) ,
pp. 204-14T-
183. Spelsberg, W. W. , and G. B. Chapman, Fine structure of
human trabeculae, Arch. Ophth. 67_:773 (1962).
184. Stone, H.
H. , and M. L. Sears, Ocular pressure in
experimental cross-circulation, Arch. Ophth. 6_1:102 (1959).
185. Strachan,
I. M. , A method of trabeculotomy with some
preliminary results, Brit. J. Ophth. 51:539 (1967).
186. Suson,
E. B. , and R. 0. Schultz, Blood in Schlemm's
canal in glaucoma suspects: a study of the relationship
between bloodfilling pattern and outflow facility in
ocular hypertension, Arch. Ophth. 81:808 (1969).
79
187. Swindle, P. F., The principal drainage channels of the
eye, Arch. Ophth. l/7_: 420 (1937).
188. Thomassen, T., On the exit of aqueous humor in normal
eyes, Acta Ophth. 28_:479 (1950).
189. Tripathi, R. C, Ultrastructure of Schlemm's canal in
relation to aqueous outflow, Exp. Eye Res. 7_:335 (1968).
190. Troncoso, M. U., and R. Castroviejo, Comparative anatomy
of the angle of the anterior chamber in living and
sectioned eyes of mammalia, Am. J. Ophth. 19:371, 481,
583 (1936).
— ~ —
191. Troncoso, M. U., The intrascleral vascular plexus and
its relations to the aqueous outflow, Am. J. Ophth.
25:1153 (1942).
— ~ "
19 2. Unger, H. H. , and J. W. Rohen, Studies on the histology
of the inner wall of Schlemm's canal, Am. J. Ophth.
48:204 (1959).
_
193. Unger, H. H. , and J. W. Rohen, Biopsy of the trabecular
meshwork in 50 cases of chronic primary glaucoma, Am.
J. Ophth. 50_:37 (1960).
~~
19 4. Vegge, T., Ultrastructure of normal human trabecular
endothelium, Acta Ophth. 41:193 (1963).
195. Vrabec, F., The inner surface of the trabecular meshwork
studied by a replica technique, Am. J. Ophth. 44 : 7 (1957).
196. Walker, W. M. , and C. R. Kanagasundaram, Surgery of the
canal of Schlemm, Trans. Ophth. Soc. U. K. 8_4:427 (1946).
197. Weekers, R. , The mode of action of medical and surgical
methods of reducing the ocular tension, in Sir Stewart
Duke-Elder (ed.), Glaucoma: A Symposium (Oxford, 1955).
198. Weekers, R. , M. Watillon, and M. de Rudder, Experimental
and clinical investigations into the resistance to outflow
of aqueous humour in normal subjects, Brit. J. Ophth.
40_:225 (1956).
199. Zimmerman, L. E., Histology and pathology of the outflow
channels, in Trans . New Orleans Acad. Ophth. (St. Louis,







Unpublished theses submitted for the Master's and Doctor's degrees and
deposited in the Yale Medical Library are to be used only with due regard to the
rights of the authors. Bibliographical references may be noted, but passages
must not be copied without permission of the authors, and without proper credit
being given in subsequent written or published work.
This thesis by has been
used by the following persons, whose signatures attest their acceptance of the
above restrictions.
NAME AND ADDRESS DATE


